Recent studies have better defined the epidemiology of venous thromboembolism (VTE) in cancer patients. The incidence is highest in patients who have metastatic disease at the time of presentation and who have fast growing, biologically aggressive cancers associated with a poor prognosis. The incidence is also high in patients with haematological cancers. Other specific risk factors that affect the incidence of VTE include undergoing invasive neurosurgery, the number of underlying chronic co-morbid conditions, and being of Asian/Pacific Islander decent (lower incidence). The incidence is highest in the first few months after diagnosis, which may reflect the biology of the cancer or medical interventions such as major surgery or start of chemotherapy. The development of VTE is clearly associated with decreased survival, and this effect is greater among patients initially diagnosed with local-or regional-stage cancer compared with patients with metastatic cancer, probably because VTE reflects the presence of a biologically aggressive cancer. Finally, a small percentage of patients with idiopathic VTE and no clinical or laboratory evidence of cancer may harbour an aggressive but 'occult' malignancy likely causally linked to the development of VTE.
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Cancer patients who develop venous thromboembolism (VTE) do not fare well. Early studies by Sorensen et al demonstrated that cancer patients who develop VTE have decreased survival compared with cancer patients without VTE [1] , and this has been observed repeatedly in subsequent studies [2] [3] [4] [5] . Understanding the epidemiology of VTE in cancer patients is important because it has implications regarding prognosis, treatment and prophylaxis.
Prevalence of VTE in cancer patients
There is a very strong association between the presence of cancer and the development of acute VTE.
In a large population-based epidemiological study, approximately 20% of all new cases of VTE were associated with underlying cancer, whereas 26% of incident cases had idiopathic VTE [6, 7] . The relative risk of developing VTE is approximately seven times higher in patients with active cancer [8] [9] [10] [11] [12] [13] [14] .
With the proliferation of testing for both deep vein thrombosis and pulmonary embolism [15] , the frequency of asymptomatic VTE being detected by staging CT scans [16] [17] [18] [19] , and the ageing of the population, the proportion of all incident VTE cases associated with active cancer is likely to increase over the next decade. As more imaging tests are ordered in patients with cancer, the incidence of VTE in cancer patients will also likely increase. Use of specific chemotherapeutic agents that strongly promote VTE, such as thalidomide [20] , will increase the incidence of cancer-associated VTE even further.
Influence of cancer type on the risk of VTE
Most published studies that report the incidence of VTE in patients with specific types of cancer have the same type of case ascertainment bias, because they do not identify and follow all patients diagnosed with a certain type and stage of cancer. In studies performed in California, it was possible to overcome this bias because all patients diagnosed with cancer (except non-melanoma skin cancer and cervical carcinoma in situ) have to be reported to the California Cancer Registry (CCR). After identifying the cancer cases, the incidence of VTE diagnosed in these patients was used to determine the incidence of VTE by linking the CCR data to the California Patient Hospital Discharge Dataset using an encrypted form of their social security number [3] . This analysis was performed for all cases diagnosed with cancer between 1993 and 1999; a time when low-molecular-weight heparin (LMWH) was not used for outpatient treatment of VTE. Table 1 shows the cumulative incidence of VTE from the date of cancer diagnosis in California (accrued over 3 years) [3], the incidence of first-time VTE expressed as a rate per 100 patients living for 1 year, the 6-month incidence in a cohort with cancer from the Western Netherlands Cancer Registry (accrued over 16 years) [21] , and the prevalence of first-time VTE over a 6-month period in Medicare patients with cancer who required hospitalization between 1988 and 1990 [22] . Of note, the rate (per 100 patient-years) of VTE is particularly high in patients with clinically aggressive cancers like pancreas and stomach because a large proportion of these patients develop VTE but die within 1 year of cancer diagnosis, thus contributing, on average, far less than 1 year of follow-up time.
Although the three cohorts shown in Table 1 are not directly comparable, the cancers associated with the highest incidence of VTE are pancreas, brain, stomach and ovary, whereas prostate, breast and melanoma have a much lower incidence. There are clearly very large differences in the incidence of VTE between different types. For example, the incidence of VTE in pancreatic cancer patients is at least 10-fold higher than the rate in patients with prostate cancer.
Effect of initial cancer stage on the incidence of VTE Table 2 shows the 1-year incidence rate of VTE in patients diagnosed with different stages of common cancers, excluding brain and leukaemias which are not routinely 'staged'. Large differences are seen in the incidence of VTE based on the initial cancer stage, particularly for bladder, melanoma and uterine cancer. Patients diagnosed with local-stage cancer, in general, have a very low incidence of VTE, whereas the incidence is much higher in patients diagnosed with metastatic disease.
Incidence of VTE and biological aggressiveness of cancer
The observed differences in the incidence of VTE between different cancer types correlate with the biology of the cancers. For example, there is a very strong correlation between the 1-year fatality rate and the 1-year cumulative incidence of VTE (r ¼ 0.81, R 2 ¼ 0.64) [23] . These statistical measures mean that 64% of the variation observed in the incidence of VTE among different types of cancer can be explained by the difference in the 1-year death rate associated with each type of cancer. Assuming that death is a valid surrogate measure of the biological aggressiveness of a cancer, this means that the incidence of VTE correlates with biological aggressiveness. In addition, among patients with different types of cancer, the incidence of VTE correlates with the percentage of patients with each type of cancer who are initially diagnosed with metastatic disease (r ¼ 0.6, R 2 ¼ 0.35) [23] . Thus, cancers that are biologically aggressive, as evidenced by early metastatic spread and short survival time, are the same cancers that have a high incidence of VTE. Adjusting for other risk factors, metastatic stage at the time of diagnosis is a strong independent risk factor for developing VTE within the first year after cancer diagnosis [2] [3] [4] 21, 24, 25] . It is commonly believed that mucinous adenocarcinomas are associated with a significantly higher incidence of VTE [8, 26] . This was borne out in detailed modelling of risk factors for VTE in patients with lung, colon and ovarian cancer [2, 4, 25] . Another interesting finding was that patients with haematological malignancies, including lymphoma, leukaemia and myeloma, had relatively high rates of VTE [3, 10, 27] . In these patients, however, it may well be that specific chemotherapeutic agents or the delivery of chemotherapy through central venous catheters and ports contributes strongly to the high incidence of VTE.
Time course of first-time VTE after initial cancer diagnosis
The incidence of VTE is clearly higher in the first few months after cancer is diagnosed, and thereafter the incidence decreases with time [10, 25] . For example, Fig. 1 shows the temporal incidence of VTE in patients with local, regional and metastatic colon cancer [2] . The VTE incidence rate is much higher in the first 30-60 days after cancer diagnosis, with higher incidence rates in patients with metastatic cancer. The plots of the incidence of VTE over time using Kaplan-Meier life table plots was similar among patients with lung [24] , breast [25] and ovarian [4] cancer. The decrease in incidence rate over time is impressive. For example, among patients with colon cancer, the incidence rate (per 100 patient-years) of VTE falls from 5.0 during the first 6 months after cancer diagnosis to 1.4 in the 7-12 months after cancer diagnosis, and falls further to 0.6 by 1-2 years after diagnosis [2] . Similar data have been reported by Blom et al in the Netherlands [10] .
Rate of metastatic spread, not extent of metastatic spread, correlates with VTE incidence
The incidence of VTE correlates with the rate of growth and spread of the cancer, not the extent of spread of the cancer. In a detailed analysis of patients with colon cancer [2] , among the subset of patients who had regional-stage (metastases to regional lymph nodes) colon cancer initially, the cumulative incidence of VTE in the first year after diagnosis was 3.1%, and 14.7% of these cases died in that year. However, during the second year of follow-up, a nearly equal number of cases died (13.6%), presumably of cancer with metastatic spread, but only 0.5% of these patients were ever diagnosed with VTE. Thus, faster growing cancer, as evidenced by early recurrence and death, was associated with a higher rate of VTE. Very similar findings were reported in women with ovarian cancer [4] . Among the women who were diagnosed with metastatic ovarian cancer, 15% died in the first 3 months and another 15% died 4-12 months after cancer diagnosis. The incidence of VTE in the women who died 0-3 months after cancer diagnosis was 27%, compared with 10.7% among those that died 4-12 months after diagnosis. Although early major surgery and aggressive chemotherapy may contribute to the high early incidence of VTE after cancer diagnosis, as discussed in a later section, this is probably not the principal explanation.
Together, these findings suggest that development of VTE may be closely linked to tumour biology, and that it is the biological aggressiveness of the cancer manifested by the rate of growth or spread of the cancer that is most strongly associated with development of VTE, and not simply overall tumour burden. However, patients whose cancer transitions from apparently local-stage disease in remission to widespread metastatic spread are probably more likely to manifest VTE. A large percentage of cases diagnosed with local-stage cancer who develop VTE 1-2 years later have evidence of widespread metastatic disease [28] .
Effect of VTE on survival in patients with different types of cancer
Sorenson et al were the first to report that cancer patients with VTE have reduced survival compared with cancer patients without VTE [1] . In this population-based study from Denmark, patients with incident VTE who were concomitantly or subsequently diagnosed with cancer were compared with cancer patients who never developed VTE (control cohort). Patients and controls were matched for the type of cancer, age, gender and year of cancer diagnosis. Patients with cancer and VTE were more likely to have metastatic disease [prevalence ratio ¼ 1.26, 95% confidence interval (CI) 1.13-1.40]. The 1-year survival rate was only 12% in those patients who had cancer at the time of VTE, compared with 36% in the control group. Patients diagnosed with cancer within 1 year of VTE also had a higher prevalence of metastatic disease and reduced survival [1].
Sorensen et al's analysis did not specifically adjust for the cancer stage or the presence of chronic comorbid medical conditions. As shown in Table 3 , in studies utilizing the CCR database, the development of VTE was clearly associated with reduced survival, even after adjusting for age, race, gender, initial cancer stage and presence of chronic co-morbid medical conditions [3] . Thus, the reason why patients with VTE died earlier was not simply because these patients had a higher prevalence of metastatic disease that was associated with reduced mortality; rather, VTE itself was an independent predictor of mortality.
Although somewhat counterintuitive, the relative impact of VTE on survival was greatest among patients diagnosed with local-stage cancer, and was smallest among the cases that presented with Figure 2b compares the survival of patients with local-stage breast cancer who developed VTE with control cancer patients who did not develop VTE from the date of the VTE event rather than the date of cancer diagnosis. Control patients were matched for being alive the same number of days after cancer diagnosis as the patients with VTE, as well as age, race and the number of chronic medical co-morbidities. Interestingly, the effect of VTE on reduced survival is only apparent for the first 2-3 months after VTE diagnosis.
To further analyse the effect of VTE, Kaplan-Meier plots were generated for patients who developed VTE during different time intervals after the initial cancer diagnosis date. Figure 3a, 3b and 3c survival of breast cancer patients who developed VTE 0-6 months, 7-12 months and 13-24 months, respectively, after cancer diagnosis. Although only a small number of patients developed VTE 6 months to 2 years after being diagnosed with breast cancer, a significant proportion of these patients died within 3 months of VTE. Review of hospital discharge codes and death certificates indicated that many, but not all, of these cases died of breast cancer [28] . One reason why development of VTE appears to be more strongly associated with reduced survival among patients diagnosed with early-stage cancer is that in some patients, development of VTE may reflect the presence or emergence of a biologically aggressive cancer, or it may reflect the effect of ongoing hormonal or chemotherapy regimens. The same pattern was also seen in patients with colon and lung cancer [29] . The finding that most deaths associated with VTE occurred in the first 60-90 days after VTE diagnosis suggests that development of the VTE may cause death directly by massive pulmonary embolization or anticoagulant-related bleeding, or it may simply reflect the presence of significant and serious underlying co-morbidity. Recent studies have shown that co-morbidities (number and severity) are independent predictors of survival in cancer patients (see below) [30, 31] . Interestingly, among the 80% of VTE patients who survived for more than 90 days after VTE diagnosis, VTE had little impact on survival. These latter cases of VTE may simply be 'background' cases that developed in patients who were essentially cured of breast cancer. Much more research is needed to determine the clinical implications and prognosis of VTE events that develop in patients diagnosed with local-or regional-stage cancer. It is clear, however, that cancer patients who develop VTE many months after their cancer diagnosis are a heterogeneous group. Some die very quickly due to VTE, metastatic cancer or chronic medical co-morbidity, whereas others appear to do very well.
Effect of major surgery on the incidence of VTE
A number of studies have definitively shown that patients with cancer who undergo a specific type of operation have a two-to four-fold higher incidence of postoperative VTE compared with patients without cancer [32] . These data are generally interpreted as showing that surgery increases the risk of VTE in the postoperative period in cancer patients [33] . This was certainly observed in a study analysing the effect of surgery in patients with glioma who underwent invasive neurosurgery [5] . Compared with cases who did not undergo surgery, patients who underwent major neurosurgery or brain biopsy because of the presence of a glioma were 70% more likely to develop VTE within 3 months.
In contrast, Blom et al did not find an increased risk of VTE associated with surgery in cancer patients [21] . Analysis of the California data in patients with breast, colon or ovarian cancer suggested that major surgery may actually be associated with a lower incidence of VTE compared with patients who did not undergo major surgery, even after adjustment for age, race, gender, cancer stage, and number of chronic co-morbidities. Patients undergoing gynaecological surgery for ovarian cancer had a 30% lower risk of developing VTE, patients undergoing breast surgery had a 40% lower risk of developing VTE, and patients with colorectal cancer had a 60% lower risk of developing VTE compared with patients who did not undergo major surgery. As these data did not include any information about thromboprophylaxis, it is not clear if this finding reflects aggressive peri-operative prophylaxis, a protective effect of tumour removal or some other reason.
Effect of chronic medical co-morbidities on the incidence of VTE
The presence of chronic medical co-morbid conditions has a dramatic effect on the incidence of cancer-associated thrombosis and survival [34] . Both the Charlson index [35] and the Elixhauser index [36] are widely used software programs that identify important medical conditions, such as chronic renal disease, chronic liver disease, hypertension, chronic heart failure, psychiatric disease etc. The Elixhauser index identifies 29 different conditions, but this can be modified to eliminate identification of disorders that are inappropriate, such as presence or absence of cancer, or conditions that may overlap with acute medical illness, e.g. anaemia, electrolyte disorder or coagulapathy.
In a detailed analysis of risk factors associated with development of VTE for colorectal cancer, the strongest risk factor was metastatic stage at the time of diagnosis [hazard ratio (HR) ¼ 3.2, 95% CI 2.8-3.8), but the second strongest risk factor was the presence of three or more chronic medical conditions (HR ¼ 2.0, 95% CI 1.7-2.3) [2] . In a similar analysis of risk factors in patients with breast cancer [25] , ovarian cancer [4] and brain gliomas [5] , there was a steady increase in the risk of developing VTE as the number of chronic co-morbid conditions increased (Table 4 ). The presence of three or more chronic medical conditions was the strongest risk factor for development of VTE among the patients with gliomas and ovarian cancer, whereas metastatic cancer was the strongest risk factor among patients with breast or colon cancer. For cancer types associated with a low proportion of cases being diagnosed with metastatic disease (e.g. breast and prostate cancer), the presence of metastatic disease was the strongest risk factor for VTE. However, for cancers associated with a high proportion of cases presenting with metastatic disease (e.g. pancreas and gastric), the presence of multiple comorbidities became the strongest predictor of VTE. These findings suggest that the risk of developing VTE depends on both the prothrombotic strength of the cancer and the prothrombotic propensity of the host, which probably increase as the number of chronic medical conditions increases. Future research is needed to determine which chronic medical conditions are the strongest risk factors for cancer-associated thrombosis.
Effect of antineoplastic and supportive care therapy
Many systemic cancer treatments predispose to VTE. Conventional cytotoxic chemotherapy is associated with an increased risk of VTE [37] [38] [39] [40] . Newer agents such as thalidomide [20, 41] and lenalidomide [42, 43] have been associated with increased VTE, especially when combined with highdose dexamethasone for the treatment of multiple myeloma. Routine thromboprophylaxis is recommended when using these combinations. Anti-angiogenic agents are associated with a higher risk of both arterial and venous thrombosis, as well as an increased risk of bleeding [44] . Use of the erythropoietic-stimulating agents erythropoietin and darbepoietin increases the incidence of VTE in cancer patients [39, [45] [46] [47] , especially for those receiving concurrent chemotherapy and radiation [46, 48] . Myeloid growth factors also appear to increase the rate of VTE [39] . Curiously, the risk of VTE associated with hospitalization has increased over the last decade; a time associated with increased use of medical thromboprophylaxis [49] . In part, this higher incidence of VTE may reflect more prevalent use Table 4 Predictors of development of venous thromboembolism in patients with cancer.
Variable
Colon HR (95% CI) Breast HR (95% CI) Glioma HR (95% CI of indwelling upper extremity catheters, which lead to upper extremity VTE in a modest percentage of cases [50] . Unfortunately, use of prophylactic doses of heparin or LMWH does not appear to prevent these VTE events [51] [52] [53] . However, this trend may also reflect changes in case mix, with sicker patients who have more chronic co-morbidities being hospitalized compared with previous decades.
Biomarkers, thrombophilia and a predictive model for cancer-associated VTE
In addition to the epidemiological and treatment-related risk factors discussed, laboratory biomarkers that are associated with an increased risk of VTE patients might further identify a high-risk cancer population. As genetic predisposition to thrombosis is relatively prevalent in the general population, it is possible that inheritance of these thrombophilia genes might interact with cancer to increase the risk of VTE. Blom et al, in a case-control study of patients with incident VTE at six anticoagulation clinics in the Netherlands, found an increased risk of thrombosis in carriers of Factor V Leiden and the prothrombin gene mutation (Factor II mutation) compared with cancer patients without these mutations [10] . However, the utility of screening for underlying thrombophilia in cancer patients to identify higher-risk groups has not been established.
Recent work, predominantly in the outpatient setting, has described several promising biomarkers that may be predictive of cancer-associated VTE. Khorana et al have shown that a prechemotherapy platelet count of >350 Â 10 9 /L or leukocyte count >11 Â10 9 /L were associated with an increased risk of thrombosis in a predominantly outpatient population [54] . Higher D-dimer levels have also been associated with an increased risk of malignancy in patients presenting with VTE [55] . Whether or not elevated D-dimer levels can predict for those at higher risk for cancer-associated VTE has not been demonstrated. A single study demonstrated that elevated C-reactive protein (CRP) levels predicted for VTE [56] . If confirmed, CRP levels might be useful as the test is now more widely available. P-selectin is a platelet adhesion molecule important in cell-cell interactions. Elevated levels of soluble P-selectin in plasma reflects platelet activation and may serve as a surrogate for greater platelet-tumour cell and/or platelet-monocyte interactions, both of which promote thrombosis [57] . A recent report showed that a soluble P-selection level >75th percentile was associated with an HR of 2.6 (95% CI 1.4-4.9) for cancer-associated thrombosis [58] . Microparticles are vesicles derived from many cell types upon activation. Sources in plasma include platelets, red cells, monocytes and endothelial cells. In cancer patients, the microparticles can be tumour derived, express tissue factor and be implicated in pathogenesis [59] . Elevated levels of microparticles have been found in patients with cancer and thrombosis, but the assays are not standardized and their predictive value requires prospective study.
Identification of patients at high risk for cancer-associated VTE
In addition to the inherent morbidity of VTE, treatment of VTE in patients with cancer is more difficult and is associated with considerable morbidity [60, 61] . Thus, identification of a high-risk subgroup of patients for primary thromboprophylaxis may be justified. In order to identify those patients who may benefit from primary thromboprophylaxis, the highest-risk patients must be identified. The information that has been presented about the effect of cancer type, cancer stage, cancer histology and cancer treatment on the incidence of VTE, combined with the effects of age, race, gender and presence of other chronic medical co-morbidities, provides a framework for stratifying those patients at highest risk for developing VTE.
Recently, Khorana et al devised a simple risk scoring system to predict incident VTE in ambulatory patients with cancer [54] . Five predictive variables were identified in a stage-adjusted multivariate model in the development cohort: site of cancer, platelet count !350 000/mm 3 , haemoglobin <10 g/dL and/or use of erythropoietin, leukocyte count >11 000/mm 3 and body mass index !35. High-risk cancers included brain, pancreas, kidney, stomach, lung, gynaecological, lymphoma and myeloma.
Rates of VTE in the development and validation cohorts, respectively, were 0.8% and 0.3% in the lowrisk category (score ¼ 0), 1.8% and 2% in the intermediate-risk category (score ¼ 1-2), and 7.1% and 6.7% in the high-risk category (score !3) over a median period of 2.5 months (C-statistic ¼ 0.7 for both cohorts). The high rate of symptomatic VTE observed in the high-risk subgroup of patients is similar to that seen in hospitalized or surgical patients for whom prophylaxis is both safe and effective. A modelbased approach incorporating a clinical prediction tool of readily available data may be the most efficient way to identify cancer patients at highest risk for VTE, allowing the study of various prophylactic strategies in those patients.
Recurrent VTE and cancer
Patients with cancer that develop VTE are at higher risk for recurrent VTE than those without cancer, despite anticoagulation for secondary prophylaxis. In a retrospective cohort study of patients with incident VTE residing in Olmstead County, MN, USA, Heit et al reported an HR of 2.2 (95% CI 1.6-3.1) for recurrence associated with active neoplasms in multivariate analysis [62] . This was increased to 4.2 (95% CI 2.6-7.0) if the patient was receiving chemotherapy. Hutten et al made a similar observation in a retrospective analysis of two multicentre clinical trials: the rate of recurrent VTE was 27.1/100 patient-years (95% CI 14.8-45.4) for those with cancer vs 9.0/100 patient-years (95% CI 5.6-13.8) for those without malignancy [63] . This study also showed an increased rate of bleeding complications with oral anticoagulation in cancer patients.
Prandoni et al performed a prospective cohort study of consecutive patients with incident VTE and compared the incidence of recurrence and bleeding for those with and without cancer at the time of VTE [60] . Patients were given heparin followed by warfarin. The duration of anticoagulation was not prespecified, but was longer in patients with malignancy (median 224 days) than without (median 90 days). The 12-month cumulative incidence of recurrent VTE in the group with cancer was 20.7% (95% CI 15.6-25.8%) vs 6.8% (95% CI 3.9-9.7%) in those without malignancy. Adjusted for age, cancer was associated with an HR of 3.2 (95% CI 1.9-5.4) for recurrent VTE. This was observed despite the fact that international normalized ratio values were more often within or above the therapeutic range in the patients with recurrent VTE and cancer than in those with recurrence and no cancer. The rate of recurrence was directly associated with tumour burden as prospectively assessed by the investigators. This study also confirmed that the risk of major bleeding was also higher for patients with extensive cancer on warfarin anticoagulation.
Use of LMWH to improve survival in patients with cancer
Some studies have suggested that thromboprophylaxis using LMWH may improve survival in patients with cancer who develop VTE. An early post-hoc analysis of a clinical trial reported that patients with active cancer who developed symptomatic VTE and who were treated with LMWH had improved short-term mortality compared with patients treated with warfarin [64] . This study spurred considerable interest, leading to similar analyses of other clinical trials of LMWH [65] [66] [67] [68] , and even the design of a clinical trial (FAMOUS) [69] . The result of this primary prevention study suggested that moderate prophylactic doses of LMWH (5000 U daltaparin once daily) had no significant benefit in patients who had advanced-stage cancer, but possibly some long-term survival benefit in patients who had less extensive disease and who survived for over 17 months. Another clinical trial (CLOT study) focused on the secondary prevention of VTE in patients with cancer. A post-hoc analysis showed that use of LMWH (daltaparin, 150 U/kg/day) for 6 months significantly improved survival among patients who did not initially have metastatic cancer [70] . The number of subjects enrolled in this study was too small to determine if the benefit occurred in patients with one specific type of cancer.
Summary and conclusions
VTE is a common complication of cancer and is associated with reduced survival. In patients with cancer, the risk of first-time VTE is highly variable and depends primarily on the tumour type, metastatic stage at the time of diagnosis, presence of concurrent chronic medical conditions, and clinical characteristics including haemoglobin and platelet count, and use of specific chemotherapeutic agents. As the incidence of VTE in cancer patients who require hospitalization is very high, these patients should always receive thromboprophylaxis with either unfractionated heparin, LMWH or fondaparinux.
It is not known whether or not other patients at highest risk for developing thromboembolism should receive primary prophylaxis. It is likely that the absolute and relative benefit of primary thromboprophylaxis will vary greatly amongst different patient groups. Clinical trials are needed to address this important question. Such studies could focus on specific high-risk groups (e.g. glioma patients undergoing surgery or patients receiving thrombogenic antineoplastic therapy). Another strategy would be identify high-risk groups using a risk stratification tool similar to that suggested by Khorana et al [54] . It appears that the greatest potential impact of primary prophylaxis would be in patients initially diagnosed with advanced disease [71] , particularly those who are candidates for chemotherapy [72] [73] [74] . However, another subgroup of patients who may warrant primary thromboprophylaxis is patients initially diagnosed with local-or regional-stage cancer who progress and develop metastatic cancer [3, 70] . Trials of thromboprophylaxis in patients with cancer should determine the effect of prophylaxis on the incidence of both VTE and bleeding, and also progression-free and overall survival.
Patients with cancer and incident VTE are at high risk for recurrence and bleeding complications. Randomized studies have shown that prolonged (6 months) treatment with LMWH results in both lower VTE recurrence rates and less bleeding. Thus, LMWH is the therapy of choice for treatment of VTE in patients with cancer. However, the optimal duration of therapy for patients with active cancer has not been determined.
Practice points
patients who present initially with metastatic cancer have the highest incidence of VTE biologically aggressive cancers that are associated with reduced 1-year survival have the highest incidence of VTE (e.g. pancreatic cancer) more indolent, slower growing cancers, like breast and prostate cancer, have a significantly lower incidence of VTE the incidence of VTE is highest in the first 2-3 months after cancer diagnosis VTE has a negative impact on survival in patients with cancer. Although prophylactic heparin is theoretically most beneficial in patients with early metastatic spread, clinical studies have not shown that prophylaxis affects survival the effect of major surgery on the incidence of VTE varies with cancer type therapies used to treat patients with cancer, including antineoplastic and supportive care drugs, can increase the risk of VTE it may be possible to identify cancer patients at highest risk for VTE cancer patients who develop VTE have a higher risk of recurrent VTE and bleeding than patients without cancer, despite anticoagulation LMWHs are the therapy of choice for patients with cancer-associated thrombosis
Research agenda
develop and validate predictive models for VTE in patients with cancer to identify a high-risk population more studies are needed to determine if aggressive thromboprophylaxis with heparin/LMWH or an anti-Xa inhibitor reduces the incidence of lower extremity deep vein thrombosis or pulmonary embolism in high-risk patients without causing excessive bleeding determine if postoperative VTE in cancer patients has a lower incidence of recurrent VTE compared with patients who have spontaneous VTE studies are needed to determine if asymptomatic VTE detected by screening or staging is associated with symptomatic recurrence and reduced survival
